Traditional experimental techniques (e.g. studies on photon absorption or emission) for determining the stereochemical structures of neutral molecules are extremely difficult to apply to molecular ions because of problems in obtaining a sufficient spatial density of the ions to be studied. Recent high-resolution measurements on the energy and angle distributions of the fragments produced when fast (MeV) molecular-ion beams from an electrostatic accelerator dissociate ("Coulomb explode") in thin foils and in gases, offer promising possibilities for deducing the stereochemical structures of the molecular ions constituting the incident beams. Bond lengths have been determined 'n this way for several diatomic projectiles (H2+, HeH CH+, NH+, OH+, N2 , 02+, etc.) with an accuracy of %O.01 8. H3+ has been demonstrated (for the first time) to be equilateral triangular and the interproton distance measured. Measurements on single fragments from C02+, N20+, C3H3+, and CHn+ have revealed the gross structures of the projectiles. An apparatus has recently been constructed at Argonne to permit precise measurements on fragments in coincidence. The apparatus has been tested on a known structure (OH2+) The 0-H bond length was found to be 1.0 + 0.04 X and the H-O-H bond angle was measured as 110 ± 20. These values are in excellent agreement with those found in optical experiments (0.999 R and 110.5°). This "Coulomb explosion" technique can be expected to be refined in accuracy and to be extended to a wide range of molecular ions whose structures are inaccessible by other means.
Introduction
For the past couple of years at Argonne, highresolution studies have been made on the foil-and gas-induced dissociation of fast molecular-ion beams produced by the 4-MV Dynamitron accelerator in Physics Division.1-5 The measurements involve detection of dissociation fragments with a relative energy resolution of ±3 x 10-4 and an angular resolution of ±1.5 x 10-4 radians. Magnetically analyzed and tightly collimated molecular-ion beams are directed into a chamber ( Fig. 1) containing the target foil (usually %lOO-k thick carbon) or gas. Sets of electrostatic deflector plates are located in the chamber both I CHAMBER upstream and downstream from the target. Charged fragments emerging from the target are directed into a 1-mm entrance aperture preceding an electrostatic analyzer located several meters downstream. Figure 2 shows a typical "ring pattern" obtained for a given fragment species.
The radius of such a pattern is proportional to the CM velocity acquired by these fragments primarily as a result of the "Coulomb explosions" initiated when the molecular projectiles are stripped of their binding electrons upon entering a foil target. For diatomic projectiles this CM velocity is proportional to the geometric mean of the two fragment-ion charge states and inversely proportional to the square root of their initial internuclear separation. The charge states inside the foil are the effective ionic charges that determine the stopping power. Outside the foil there is a distribution of (integral) charge states that can be experimentally determined. A knowledge of these charge states together with a measurement of the radial distribution of the intensity in a ring pattern (or along any radius of the ring) thus permits determination of the distribution of initial internuclear separations in the molecular-ion projectiles. (The non-uniform intensity distribution around the circumference of a ring pattern such as that in Fig. 2 is explained in terms of polarization "wake" effects2.)
Measurements at Argonne using a wide range of diftomic projectiles (e.g. H2+, HeH+, CH+, NH+, O04, N2 , 02+, etc.) have shown that the projectile bond lengths may be determined to an accuracy of about 0.01 X with these techniques. In view of the extreme difficulties encountered in the "standard" experimental methods of determining the geometrical structures of molecular ions (it is hard to get a sufficient column density of the ions for the usual photon absorption or emission techniques), we have recently begun exploring the possibilities that our apparatus offers for structure determinations via the "Coulomb exylosion" of fast polyatomic molecular-ion projectiles. 6 Fig. 4(a) indicates that the two oxygen atoms in C02+ are equivalent. The existence of just one peak in Fig. 4(b) shows that the carbon atom is central in a linear molecule (no net Coulomb-explosion velocity). The two peaki in Fig. 4(c) show that the oxygen atom in N20 lies "on the outside" and the three peaks in Fig. 4(d) show that one nitrogen atom is "on the outside" and that one is in the center of a linear molecule. The central peak in Fig. 4(d) -is much more strongly populated than the two side peaks because many more incident orientations contribute to it.
From these considerations, it can be seen that by simply counting the number Vf peaks in each spectrum, one can infer that both CO2 and N20+ are linear with structures (0-C-0) and (N-N-0) . To obtain precise values for the bond lengths and angles, a more detailed analysis is obviously required. Table I we compare the diameters of the ring patterns obtained18 for C4+, 03+, and 05+ fragments from the foil-induced dissociation of HCO+ and CO+ of the same velocity (124 keV/nucleon). A cursory glance suffices to deduce that the triatomic beam ions must have the structure H-C-O and not C-0-H or C-H-0. The beam line shown in Fig. 1 has been expanded to include a chamber containing movable detectors (Fig. 6) H3 . Figure 7 shows the proton-proton coincidence counti`ng rate obtained with a beam of 1. foil-induced dissociation of 3.6-MeV CH2+, NH2+ and OH2+. For these data, the deflections are chosen so that the ESA detects only those protons with the maximum transverse momentum. The double coincidence rate for OH2± peaks a little past the center of the proton cone-again consistent with a bond angle of 1100. However, for the other two projectiles, the peak occurs at the extreme angle of the proton cone-opposite the ESA. This would be consistent with a linear structure, but again vibrational effects may be playing a large role in these projectiles. 
